Concanavalin A (Con-A), a phytagglutinin derived from Canavalia ensiformis, binds specifically to several branched carbohydrates containing terminal nonreducing a-D-glucopyranosyl, a-D-mannopyranosyl, or a-D-fructofuranosyl residues (14, 15) . It has been utilized extensively to monitor alterations in the surface membranes of cells transformed by various carcinogens (5) . Many cell types, normally not agglutinable by Con-A, become so following tumor virus conversion (19, 20) , but this may not be true of all oncogenic virus target cell systems (25) . Furthermore, various cells infected with nononcogenic, enveloped ribonucleic acid (RNA) viruses have recently been shown to be agglutinable by Con-A, whereas uninfected cells are not (4, 36, 40) . The recent finding that most normal and tumor virus-transformed cells have the same number of binding sites for Con-A (2, 8, 29) has led to a hypothesis that a rearrangement of, but not an increase in, Con-A sites may be responsible for the observed acquisition of cell agglutinability following virus infection (26) . The possible role of the membrane components of enveloped viruses in the increased agglutinability of cells infected with both transforming and nontransforming viruses is unknown.
Recently, Calafat and Hageman attempted to show Con-A receptor sites on the surfaces of mammary tumor viruses and Rauscher leukemia viruses by utilizing an indirect horseradish peroxidase labeling technique (6) . They were able to demonstrate a thick layer of electron-dense, rather homogeneous precipitate along the membrane of both viruses. The coarse precipitates seen, however, did not permit precise localization of individual receptor sites on the spikes or "studs" of the virions (12) . Since the molecular dimensions of ferritin (10), Con-A (17) , and the surface projections of influenza virus (23, 32, 37, 38) are known, a ferritin-labeled concanavalin reagent was prepared and used to investigate the location of Con-A receptor sites on cell and influenza virus surfaces.
MATERIALS AND METHODS
Viruses. The WSA strain of neurotropic, tumoradapted Ao influenza virus was used throughout this study (24) . It was grown in 10-to 11-day-old embryonated White Leghorn chicken eggs at 35 C for 48 hr. Both crude allantoic fluid and virus, concentrated 10 times in an ultracentrifuge, were stored at -70 C.
FERRITIN-LABELED CON-A tories, Kankakee, Ill., was used for preparation of the fluorescein-conjugated and ferritin-labeled Con-A.
For use, the powder was dissolved in HAB, and the final concentration of Con-A was determined by its absorbance at 280 nm (1 mg/ml corresponds to 1.3 absorption units) (33) .
Inhibitors of concanavalin-A. Methyl ae-D-mannopyranoside (a-Memann) and sucrose competitively inhibit the Con-A receptor reaction, whereas galactose does not (27 Preparation of ferritin-conjugated Con-A. Ferritinconjugated Con-A (Fer-Con-A) was prepared by a modification of a recently described glutaraldehydecoupling method (27) .
To a 0. A. virus in EAT cells in vivo has been previously described (24) , and has been demonstrated by electron microscopy (3) . This in vivo procedure was not utilized to minimize the possibility that Con-A receptor-rich substances present in the ascites fluid might adhere to the virus particles.
EAT cells were harvested from ICR mice 6 days after inoculation i.p. with 106 cells. The cells were washed four times in HAB after which 1.8 X 106 cells were resuspended in either 10 ml of HAB or 10 ml of HAB containing virus at 1.9 X 107 egg infectious dose (EID5o)/ml. The cells and cell-virus mixtures were incubated for 20 min in an ice bath, washed two times with 10 volumes of HAB, resuspended in serum-free RPMI 1640 medium containing 100 units of penicillin and 100 ,g of streptomycin/ml, and N-2-hydroxyethylpipera-
. Fluorescent microscopy. EAT cells were washed two times at 4 C, resuspended in 0.2 ml of FITCCon-A to yield a proportion of 106 cells/20,.g of FITC-Con-A, and incubated at 4 C for 20 min. The cells were washed once and resuspended in a medium of 50% HAB-50% glycerin, and a drop of this suspension was mounted on a slide under a cover slip for viewing.
The stained preparations including those stained with a-Memann-blocked FITC-Con-A were viewed with a Leitz microscope using an XBO 150-w light source and a BG-13 filter. Barrier eyepiece filters used were Kodak Wratten celluloid filters K2 and 57A. The K2 filter allows both red and green fluorescence to be seen, whereas the 57A allows only green to be seen.
Electron microscopy. To tubes in an ice bath containing 7.5 X 106 washed infected or uninfected EAT cells were added 0.2-ml volumes of cold staining reagents including unblocked pool II Fer-Con-A, Pool II Fer-Con-A in 0.1 M a-Memann, sucrose or galactose, and unconjugated ferritin mixed with Con-A at a 3.6:1 (w/w) ratio. Cells were stained for 45 min at 4 C and then washed two times in 50 volumes of HAB. Cells were resuspended and fixed overnight in 0.5 ml of 2% glutaraldehyde-0.1 M cacodylate buffer, pH 7.4. They were then washed two times with cacodylate buffer and fixed in 1% osmium tetroxide for 1 hr at 23 C in the dark. Dehydration was accomplished by using two 10-min changes each of 50%, 70%, 95%, and absolute ethanol. The cells were then exposed to two 10-min changes of propylene oxide followed by 20-min exposures to each of three mixtures with polypropylene oxide: Epon 812 ratios of 4:1, 2:1, and 1:1. The cells were held overnight in the 1:1 mixture. Cell pellets were transferred to Beem capsules, centrifuged in a small amount of fresh Epon 812 to make a firm pellet, and were held at 23 C for 24 hr. Capsules were filled and placed in an oven at 40 C for 24 hr after which the temperature was increased to 60 C to complete the cure. Thin sections (25 nm) were cut on an LKB microtome using a diamond knife and were picked up on 100-mesh collodion carbon-coated grids. Sections were routinely stained with a saturated aqueous solution of uranyl acetate and lead citrate. Electron micrographs were taken using a Hitachi HU-1lC microscope.
RESULTS
Agglutination of cells by Fer-Con-A. Fer-Con-A, at protein concentrations ranging from 0.28 to 2.8 mg/ml, agglutinated various cell types, indicating that this activity of Con-A had not been destroyed by the glutaraldehyde-coupling reaction. Figure 2 shows the appearance of one of these aggregates consisting of two Ehrlich ascites cells, a DBA/2 mouse erythrocyte and a DBA/2 mouse thymocyte. Evident along the margins of all cell membranes and between cells at points where the membranes are in contact are numerous ferritin molecules.
In Fig. 2a and b, the Fer-Con-A appears to cross-link abutting cell membranes, and also stains cell membrane adjacent to the cross-linked regions, implying that the Fer-Con-A is not merely passively trapped between cells. Similar findings have been reported by others using mouse thymocyte suspensions (35 could be almost totally blocked by including either 0.1 M sucrose or 0.1 M a-Memann in the staining reagent, but was not blocked by galactose (27) . Figure 7a shows that Fer-Con-A fails to stain a normal EAT cell in the presence of 0.1 M sucrose. Figure 7b shows the inhibitory effect of 0.1 M a-Memann on Fer-Con-A staining of an infected EAT cell.
Ferritin-membrane spacing. By using a calibrated optical comparator (Brookstone Company, Peterborough, N.H.), the distances of individual ferritin markers from the virus or cell membrane were determined. Each measurement was made from the center of the ferritin molecule to the outer edge of the virus or cell membrane. Over 500 individual ferritin molecules were observed on stained virus particles and an equal number on normal uninfected EAT cells. Figure  8 shows the results of these measurements. Figure 8A shows the distribution of the distances of ferritin markers from the surface membrane of uninfected EAT cells. Most of the markers on EAT cells were found at distances ranging from 4 to 17 nm, whereas only 5% were present at distances of 18 to 25 nm. The mean distance of markers from the uninfected EAT cell membrane was 10.8 nm. In contrast to the uninfected EAT cell, Fig. 8B shows that the majority of markers on virus particles were found at distances ranging from 15 to 25 nm with a mean distance of 21.3 nm. DISCUSSION Various ferritin-labeled reagents have been employed to probe the surfaces of viruses and cells (1, 11, 30) . A Fer-Con-A reagent similar to ours has been utilized to examine the surfaces of normal and transformed cells (26, 35) , but previously has not been reported as used to stain viruses. In none of these studies were measurements made from ferritin cores to surface membranes.
The twofold difference in ferritin-to-membrane distances observed between cells and viruses ( Fig. 8 ) most probably reflects intrinsic differences in the location of Con-A receptor sites on the two populations. Heterogeneity of the FerCon-A complexes might contribute to the intrapopulational variation observed, but should not cause a twofold difference between populations stained under identical conditions with the same preparation. By utilizing the data available to us, as well as the known dimensions of influenza virus (23, 32, 37, 38) , some of the characteristics of the Fer-Con-A complexes in our preparation can be inferred. Since pool II Fer-Con-A agglutinates cells, there must be a minimum of two available Con-A receptor binding sites attached to each ferritin molecule. These could be on one or more multivalent Con-A molecules (39). Our Con-A chromatographed on Bio-Gel P-150 in the conjugation buffer at a molecular weight of 100,000 ± 6,000, indicating that it consisted of whole molecules (39) . In addition, pool II is probably restricted to ferritin molecules with I to 5 attached Con-A molecules since the range of molecular sizes in the pool is approximately 6 X 105 to 106 daltons (Fig. 1) .
The simplified models of Fer-Con-A illustrated in Fig. 9 could account for most of the observed ferritin core-to-membrane distances in Fig. 8 . Assuming that the maximum length of the whole Con-A molecule is 8 nm, (17) , that of glutaraldehyde is 1 nm, and that the radius of ferritin is 6 nm, (10) , the maximum distance between the center of a ferritin molecule and the extreme end of an attached Con-A molecule would be 15 nm. If the length of the influenza virus spike is taken as 12 nm (23, 32, 38) , then a fully extended FerCon-A complex with one Con-A molecule attached to ferritin could present its ferritin center at a maximum distance of 27 nm from the virus membrane (Fig. 9, right side) . Direct measurements (Fig. 8B ) revealed a mean distance of 21.3 with less than 5% of ferritin molecules present at a 26-to 28-nm distance from the virus membrane. However, a 3-to 5-nm variation in intermolecular spacing between ferritin and concanavalin is possible depending on the binding configuration involved in the Fer-Con-A complex. This is appreciated by comparing the contracted model on the left side of Fig. 9 with the extended form on the right. The distances actually observed on viruses can be generated by utilizing a contracted model to position the ferritin core closer to the membrane.
Moreover, although an interspike distance of 5 to 10 nm (38) could theoretically accommodate an appropriately oriented Con-A molecule (Fig. 9, left side) , most often the Con-A portion of the Fer-Con-A complex probably engages only those Con-A receptor sites near the ends of the virus spikes and not putative sites buried between adjacent spikes. Native Con-A, for example, with a maximum length of 8 nm readily aggutinates influenza virus particles (4, and P. A. Klein, unpublished observations). A single Con-A molecule could not cross-link virus if available receptors were more than 8 nm down from the spike tip. Likewise, it is unlikely that Fer-Con-A complexes of the type shown in Fig. 9 are interacting with Con-A receptors located directly on the virus membrane. First, the overall length of these complexes is probably insufficient when considering the restriction imposed by the 12-nm diameter ferritin molecule at the top of the complex. Secondly, the virus membrane stripped of spikes has been shown to be devoid of Con-A receptor sites (21) . Therefore, the complexes in our Fer-Con-A reagent need be no more elaborate than those depicted in Fig. 9 to explain the observed ferritin-membrane distances.
Finally, because 25% of the Con-A receptor sites on uninfected EAT 
